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Development and application of an ecological network model for a coastal
megalopolis based on land-sea integration
YIN Bingchao，HE Shuyan，LI Yi，LI Yangfan*
College of the Environment and Ecology，Coastal and Ocean Management Institute，Xiamen University，Xiamen 361102，China
Abstract:Coastal areas，in land-sea interaction zones，are experiencing rapid urbanization，resulting in fragmentation of
coastal ecosystems． Using the megalopolis of Xiamen-Zhangzhou-Quanzhou，known as Minsanjiao region，as an example，we
established an ecological land-sea network using the least-cost path (LCP)algorithm based on the geospatial data (land use
and land cover，marine functional zones，sensitive habitats，and protected areas)． We evaluated the integrity of the
ecological network using three indicators:network circuitry (α)，line to node ratio (β) ，and network connectivity (γ)．
Our results show that (1)key corridors and nodes that connected the important ecological patches in the integrated land-sea
network were mainly distributed in forests，grasslands (inland) ，and marine protected areas，while built-up areas with
intensive human activities had strong barrier effects on ecological corridors; (2)coastal ecological corridors endured great
pressures from rapid urbanization due to their key roles as the ecological patches connecting the land and sea and centers for
urban development; (3)the high ecological network integrity scores (α = 0．86，β = 2．56，γ = 0．91)indicated a normal
ecological network status in our study area． However，the rapid coastal urban development and other intensive human
http:/ /www．ecologica．cn
activities show early warning signals of potential ecological degradation． This research provides a new method for the land-
sea integration and ecological management of coastal cities though configuring the land-sea ecological network and modeling
the overall land-sea ecological security of the Minsanjiao megalopolis．

















闽三角地区位于中国大陆东南沿海，包括福建省厦门、漳州、泉州三市，陆域面积约 2．6 万 km2，海域面积
1．9万 km2，分别占全省 21%、14%，属亚热带季风气候区。近年来的高速经济发展和快速城市化，闽三角已成
为福建省经济最为发达、生活最为富庶、人口最为密集的区域(据福建省及三市统计年鉴，闽三角城市群区域






学地理科学学院)、福建省道路矢量数据(2016 年，来源于 OpenStreetMap，https:/ /www． openstreetmap． org /
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图 1 研究区域位置
Fig．1 Location of study area in Fujian Province




























1 生境极敏感区 123．15 《福建省生态功能区划》(2010)
2 生境极敏感区 17．82 中福建省生境敏感性评价部分
3 重要生态功能区 379．05
4 重要生态功能区 935．55 福建省重要生态功能区划(2010)
5 重要生态功能区 599．30
6 晋江河口一类区 16．17 福建省近岸海域环境功能区划















Dij( × Ｒj) (1)
式中，MCＲ为最小累积阻力值;f是正函数，代表地理空间中任一点的最小阻力与其到所有源的距离和不同景
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通性也越好。线点率是用来描述网络中各个节点的平均连线数(公式(3) )，β＜1 表明网络为树状结构，β = 1
表明网络为单一回路结构，β＞1表明网络的连接水平较复杂。网络连接度是用来描述网络中节点的连接程度
(公式(4) )，变化范围在 0—1之间，γ= 0表示节点间没有廊道连接，γ= 1，表明网络中节点的连接性高［28，31］。
表 2 不同土地利用类型 /海洋功能区阻力赋值









林地 Forest 灌木林 3 海洋保护区 100
有林地 5 Marine protected area
疏林地 9
其他林地 5 保留区 Ｒeserved area 100
草地 Grassland 高覆盖度草地 20
中覆盖度草地 30 特殊利用区 200
低覆盖度草地 40 Special utilization area
耕地 Cultivated land 水田 45 农渔业区 200
旱田 55 Agriculture and fishery area
水域 Water bodies 滩涂 3 旅游休闲娱乐区 300
滩地 3 Tourism recreation area
湖泊 100 矿产与能源区 400
河渠 100 Mineral and energy areas
水库坑塘 100 航运区 Shipping area 600
未利用地 Unused land 裸地 600
裸岩石砾地 700 城镇用海区 Urban sea area 800
城乡、工矿、居民用地 农村居民点 800





























Fig．2 The distribution of ecological corridor in the megalopolis Minsanjiao
海-海网络高，且廊道、节点数量较多，对整体生态网络的完整度贡献度最高。
表 3 闽三角地区生态网络完整度评估
Table 3 Assessment of ecological network integrity in the megalopolis Minsanjiao
廊道类别
















陆-陆 Land-land 10 8 0．272727 1．25 0．555556
陆-海 Land-sea 56 24 0．767442 2．333333 0．848485
海-海 Sea-sea 18 13 0．470588 1．636364 0．666667
















漳州东山岛(图 3，a)开发强度较低的近岸海域自然斑块密集区;而厦门岛、泉州湾附近区域(图 3，b 和 c)开
发建设水平较高，主要分布有自然属性较低的建设用地(陆域)和城镇用海区(海域)，强烈的人类活动是海岸
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图 3 闽三角城市群生态网络分布图
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